Colorectal cancer (CRC) is the third leading cause of cancer-associated mortalities. Long non-coding RNAs (lncRNAs) have been identified as key regulators in the occurrence and development of CRC. The lncRNA urothelial cancer associated 1 (UCA1) has been demonstrated to promote the development of numerous different types of cancer. In the present study, a novel molecular mechanism of UCA1, regulating the migratory and invasive capabilities of SW480 CRC cells was identified. UCA1 promoted the migration and invasion of SW480 cells by suppressing phosphorylation of myocardin-related transcription factor-A (MRTF-A). Our findings indicated that UCA1 competes with extracellular signal-regulated kinases1/2 to inhibit the phosphorylation of MRTF-A. These novel discoveries may reveal additional functions of UCA1, which may support future clinical development of novel drug targets.
Introduction
Colorectal cancer (CRC) is one of the most commonly diagnosed malignancies (1) . Statistics show that CRC is the second and third most common cancer in males and females, respectively, for the incidence of malignancies (1) . The occurrence of CRC is the result of the interaction of multiple factors and multiple genes (2) (3) (4) . However, the exact mechanism has not yet been fully elucidated. Long non-coding RNAs (lncRNAs) are a class of biological macromolecules >200 nucleotides in length; however, they do not encode proteins (5) . They possess numerous biological functions, including regulating gene transcription and modifying histones, which exhibit important effects on the occurrence and development of tumors (6) (7) (8) .
With the application of a number of advanced experimental techniques, including gene chips, lncRNAs associated with the occurrence and development of CRC have been identified (9) . Amongst these lncRNAs, urothelial cancer associated 1 (UCA1) serves an important role as an oncogene in tumors of the digestive system, mediating the proliferation, metastasis, apoptosis, resistance and prognosis of tumors (10) .
The mechanisms underlying the biological functions of UCA1 and its genetic regulation in malignant tumors of the digestive system remain to be elucidated. However, it is hypothesized that alterations in epigenetic modifications in certain key genes caused by the abnormal expression of UCA1 in malignant tumors may underlie the pathophysiological roles of UCA1.
LncRNA and transcription factors form molecular networks to function together (11) (12) (13) . Myocardin-related transcription factor-A (MRTF-A) is an important factor in regulating tumor migration (14) (15) (16) . Therefore, it was deemed necessary to determine which lncRNA forms a molecular regulatory network with MRTF-A, which may subsequently affect tumor migration. In the present study, UCA1 regulated migration and invasion of CRC cells, possibly through decreasing the phosphorylation of MRTF-A.
The present study focused on UCA1 mediated molecular mechanisms in regulation of migration of CRC cells via modulation of the phosphorylation levels of MRTF-A and raises the possibility of UCA1 serving as a tumor biomarker, therapeutic target or prognostic predictor.
Materials and methods
Cell culture. The human CRC cell line SW480 was purchased from American Type Culture Collection (Manassas, VA, USA). The cells were seeded in Leibovitz's L-15 medium (Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 10% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.) at 37˚C in humidified air with 5% CO 2 .
Cell transfection. SW480 cells were cultured in growth medium without antibiotics at 60% confluence for 2 days, and then transfected with the pcDNA3.1 plasmid (Addgene, Inc., Cambridge, MA, USA) containing full length human UCA1 sequence obtained from GenScript (Piscataway, NJ, USA) using FuGENE ® HD (Roche Diagnostics, Basel, Switzerland) according to manufacturer's protocol. Following incubation for 6 h at 37˚C, the medium was removed and replaced with normal culture medium for 24 h and used for subsequent experiments. For the immunocytochemistry assay, SW480 cells were cultured in 24-well plates and 2 µg DNA was added to each well of a 24-well plate. For polymerase chain reaction (PCR) analysis, SW480 cells were cultured in a 6-well plate and 4 µg DNA was added in each well. For western blotting, 10 µg DNA was added to a 10 cm plate of cells. A short hairpin (sh)-negative control (NC) was constructed by inserting a non-targeting sequence into a pLKO.1. sh1, sh2 and sh3 are different MRTF-A interfering plasmids which were created by inserting different MRTF-A interference sequences into a pLKO.1 vector (Addgene, Inc). The sequences of the shRNAs were as follows: sh1, 5'-CCG GTT GTG GGC CAG GTG AAC TAT CCT CGA GGA TAG TTC ACC TGG CCC ACA ATT TTT G-3'; sh2, 5'-CCG GTT CCT CGA TGG CCA TGA TTT GCT CGA GCA AAT CAT GGC CAT CGA GGA ATT TTT G-3'; sh3, 5'-CCG GCT GTC TGT CTG GCT ACA ATT TCT CGA GAA ATT GTA GCC AGA CAG ACA GTT TTT G-3'; and sh-NC 5'-CCG GGC GCG ATA GCG CTA ATA ATT TCT CGA GAA ATT ATT AGC GCT ATC GCG CTT TTT G-3'. The shRNA were purchased from Sangon Biotech Co., Ltd. (Shanghai, China).
shUCA1 was a UCA1 interfering plasmid which was created by inserting a UCA1 interference sequence into the pLKO.1 vector (Addgene, Inc). The sequences of the shRNA was, 5'-CCG GAG TGA AAT GTC CCA AGC CCT TCT CGA GAA GGG CTT GGG ACA TTT CAC TTT TTT G-3'. The shRNA was purchased from Sangon Biotech Co., Ltd., and shUCA1 was transfected into SW480 cells using Lipofectamine™ 3000 (Thermo Fisher Scientific, Inc.) according to manufacturer's protocol. For the immunocytochemistry assay, SW480 cells were cultured in 24-well plates and 2 µg shUCA1 was added to each well of a 24-well plate. For polymerase chain reaction (PCR) analysis, SW480 cells were cultured in a 6-well plate and 4 µg shUCA1 was added in each well. For western blotting, 10 µg shUCA1 was added to a 10 cm plate of cells.
Reverse transcription-quantitative (RT-q)PCR. Total RNA was extracted from cells using an mRNA kit (Promega Corporation, Madison, WI, USA) according to the manufacturer's protocol. The samples were reverse-transcribed using Moloney Murine Leukemia Virus Reverse Transcriptase (Promega Corporation). RT-qPCR was performed in a StepOne Real-Time PCR system (Thermo Fisher Scientific, Inc.). The reverse-transcription temperature protocol was a s follows: 70˚C for 10 min; incubation on ice for 5 min; 30˚C for 10 min; 42˚C for 60 min; 70˚C for 15 min and held at 4˚C until further use. Fast SYBR Green Master mix was obtained from Applied Biosystems (Thermo Fisher Scientific, Inc.). The relative expression levels of target genes were normalized to GAPDH. The primers used for the RT-qPCR analysis are listed in Table I . Thermocycling conditions were as follows: 95˚C for 5 min followed by 40 cycles of 95˚C for 10 sec and 60˚C for 30 sec, then a melting curve analysis between 60 and 95˚C in increments of 0.2˚C for 1.5 min was obtained. Each sample was analyzed in triplicate and quantified using the 2 -ΔΔCq method (17) .
Protein extraction and western blotting. For western blot analysis, protein samples were extracted from the cells with Mammalian Protein Extraction Reagent (Thermo Fisher Scientific, Inc.). The concentration of protein was determined using a bicinchoninic acid (BCA) quantification kit (Beyotime Institute of Biotechnology, Haimen, China). A total of 20 µg proteins was separated by a 10% SDS PAGE and transferred onto a polyvinylidene fluoride (PVDF) membrane. The membrane was blocked using 5% non-fat milk at 25˚C for 1 h, and incubated with primary antibodies overnight at 4˚C. The antibodies used were as follows: Anti-human GAPDH antibody (cat. no. 97166; 1:2,000; Cell Signaling Technology, Inc., Danvers, MA, USA), anti-human MRTF-A (cat. no. ab49311; 1:1,000; Abcam, Cambridge, UK), anti-human matrix metalloproteinase (MMP)9 (cat. no. sc-393859; 1:1,000, Santa Cruz Biotechnology, Inc., Dallas TX, USA), anti-human MMP6 (cat. no. sc-101453; 1:1,000, Santa Cruz Biotechnology, Inc.) and anti-human extracellular signal-regulated kinase (ERK)1/2 (cat. no. sc-514302; 1:1,000, Santa Cruz Biotechnology, Inc.). The membrane was incubated with IRDye 800 conjugated anti-mouse (cat. no. 115-005-146) or anti-rabbit (cat. no. 115-005-144) secondary antibodies (both at 1:5,000; Jackson ImmunoReasearch Laboratories, Inc., West Grove, PA, USA) at 25˚C for 1 h at room temperature. The protein signals were visualized with the Odyssey Infrared Imaging system version 2.1 (LI-COR Biosciences, Lincoln, NE, USA). GAPDH expression was used as an internal control to show equal loading of the protein samples.
Wound healing assay. Cells were cultured in a 6-well plate at a density of 1x10 5 cells/well. Upon reaching >80% confluence, the cell monolayer was gently scratched with a 200 ml pipette tip to generate a linear wound and washed twice with serum-free medium to remove cell debris. Subsequently, the cells were cultured in a medium containing 2% FBS. Images were captured at 0 and 24 h subsequent to scratching using a light microscope at x100 magnification. The closure of the wounds was quantified by the distance the cells had moved into the wounded area. The experiment was repeated twice with triplicate measurements in each experiment. The results were quantified using ImageJ version 1.8.0 software (National Institutes of Health, Bethesda, MD, USA). 33% acetic acid and the absorbance was measured at 570 nm using a SpectraMax i3x (Molecular Devices, LLC, Sunnyvale, CA, USA). between two groups were performed using a Student's t-test; one-way ANOVA followed by a post-hoc Tukey's test was used compare differences among multiple groups. Statistical analysis was performed with GraphPad Prism 5 (GraphPad Software, Inc., La Jolla, CA, USA). P<0.05 was considered to indicate a statistically significant difference.
Co-immunoprecipitation (Co-IP

Results
UCA1 promotes the migration and invasion of SW480 cells without alterations in MRTF-A expression levels.
To determine the effects of UCA1 in SW480 cells, SW480 cells that either overexpressed UCA1 or had expression knocked down were established (Fig. 1A) . The wound healing and Transwell assays demonstrated that the migration and invasive abilities of SW480 cells were positively associated with the expression of UCA1 (all P<0.01; Fig. 1B and C) . RT-qPCR and western blot analysis were used to evaluate the expression of MMP9, MMP6 and MRTF-A. The results demonstrated that the expression of MMP9 and MMP6 was significantly upregulated when UCA1 was overexpressed (P<0.01; Fig. 2) . Similarly, when UCA1 was silenced, the expression of MMP6 and MMP9 was significantly downregulated compared with the control (P<0.01; Fig. 2 ). However, the expression of MRTF-A was markedly affected by alterations in UCA1 expression levels (Fig. 2) .
UCA1 promotes MRTF-A nuclear transport by decreasing the phosphorylation of MRTF-A protein. MRTF-A protein
is an important transcription factor associated with tumor metastasis and its localization is closely associated with its function (18, 19) . As presented in Fig. 3A and B , the localization of endogenous MRTF-A may be regulated by UCA1. UCA1 may promote the nuclear export of MRTF-A when MRTF-A is phosphorylated; inhibiting cell migration. Co-IP was used to examine the possible alterations in MRTF-A protein phosphorylation modification in SW480 cells. The results demonstrated that the protein phosphorylation levels of MRTF-A were negatively associated with the expression of UCA1 ( Fig. 3C and D) .
UCA1 regulates the migration and invasion of SW480 via MRTF-A. UCA1 promoted migration and invasion of SW480 cells without alterations in MRTF-A expression. However, UCA1 additionally promoted MRTF-A nuclear transport by decreasing the phosphorylation level of MRTF-A protein.
As it was unclear whether MRTF-A is necessary for UCA1 to regulate the migration and invasion of SW480 cells, MRTF-A was subsequently silenced. Based on the results shown in Fig. 4A, sh2 was used for all subsequent experiments. As presented in Fig. 4B -C, when MRTF-A was silenced, UCA1 lost its regulatory function on migration-associated genes. The wound healing and Transwell assays confirmed that UCA1 lost its ability to regulate migration and invasion of SW480 cells with MRTF-A knockdown (Fig. 4D and E) .
Potential competitive binding of UCA1 of ERK1/2 for MRTF-A.
Previous studies have demonstrated that ERK1/2 phosphorylates MRTF-A (20, 21) . In the present study it was determined that UCA1 binds to MRTF-A protein directly through RNA-pull down technology (Fig. 5A) . The Co-IP assay suggested that the presence of UCA1 may reduce the combination of ERK1/2 and MRTF-A (Fig. 5B) . Further experiments suggested that UCA1 lost the ability to regulate the phosphorylation level of MRTF-A protein following inhibition of the ERK pathway (Fig. 5C ). These results suggested that UCA1 regulated the phosphorylation of MRTF-A protein through ERK1/2.
Discussion
UCA 1 was first identified by Wang et al (22) . It has three exons and two introns, and is located on chromosome 19 p13.12 (22, 23) . Tissue expression profiles demonstrated that the UCA1 gene was ubiquitously expressed in embryonic tissues, whereas, UCA1 was silenced in the majority of normal tissues in adults (with the exception of the heart and spleen) (24) . Of note, accumulating evidence has indicated that the abnormal overexpression of UCA1 may cause cancer in tissues (22, 23, 25) ; however, further investigation into the molecular mechanism underlying its abnormal overexpression is required. In bladder cancer, UCA1 activates PI3K, Stat3, or Wnt signaling pathways to promote cell migration in bladder cancer (26) (27) (28) or esophageal cancer (29) (30) (31) . Additionally, UCA1 alters the ability of cells to develop resistance to antineoplastic drugs through regulation of certain microRNAs (miRs) or BCL-2 in bladder cancer, CRC or gastric cancer cells (25, (32) (33) (34) . These previous studies confirmed that UCA1 is a biological molecule capable of promoting tumor development. It has been demonstrated that miR-1 inhibits bladder cancer by degrading UCA1 (35) . These results suggested that UCA-1 may be a suitable molecular target for the clinical treatment of cancer. In-depth exploration of the function of the UCA1 molecule may contribute to the development of potential therapeutic strategies.
As a nuclear transcription factor, MRTF-A may promote tumor cell migration (19) . However, when MRTF-A protein is phosphorylated, it loses the ability of nuclear localization and significantly reduces the function of activating downstream target genes (20) . In the present study, UCA1 and ERK may have competitively combined with MRTF-A to reduce the phosphorylation modification of MRTF-A protein, and thus increase the expression level of MRTF-A protein in the nucleus.
A number of lncRNAs have been demonstrated to bind to miRs, inhibiting the silencing effect of miRs on target genes, thereby regulating the transcriptional activity of downstream genes. However, several lncRNAs are involved in the post-transcriptional regulation of genes. In the present study, it was demonstrated that UCA1 may regulate the phosphorylation of MRTF-A protein.
Our findings revealed a novel molecular mechanism by which UCA1 regulates cell migration in CRC. It may additionally provide a theoretical basis for the development of UCA1 as a drug target in clinical settings. There is one limitation of the present study. For the wound healing assay, ideally cells should be serum starved during the assay. However, as medium containing 2% FBS was used, it is not completely possible to determine the effects proliferation has on wound closure.
